Abstract Background: Cognitive function in people with multiple sclerosis (PwMS) is associated with gender differences and the use of smoked/ingested cannabis. Objective: The objective of this report is to explore a possible gender-cannabis interaction associated with cognitive dysfunction in PwMS. Methods: A retrospective analysis was undertaken of cognitive data collected from 140 PwMS. A general linear model was conducted to determine gender and cannabis effects on processing speed (SDMT), verbal (CVLT-II) and visual (BVMT-R) memory, and executive functions (D-KEFS), while controlling for age and years of education. Results: Cannabis was smoked at least once a month by 33 (23.6%) participants. Cannabis users were more impaired on the SDMT (p ¼ 0.044). Men, who comprised 30.7% of the entire sample and 42.2% of cannabis users, were more impaired on the CVLT-II (total learning, p ¼ 0.001; delayed recall, p ¼ 0.004). A cannabis-gender interaction was found with the CVLT-II delayed recall (p ¼ 0.049) and BVMT-R total learning (p ¼ 0.014), where male cannabis users performed more poorly than female. Conclusion: Males with MS may be particularly vulnerable to the cognitive side effects of smoked cannabis use. Introduction There is a small literature showing that non-synthetic cannabis is linked to more extensive cognitive abnormalities in people with multiple sclerosis (MS).
Introduction
There is a small literature showing that non-synthetic cannabis is linked to more extensive cognitive abnormalities in people with multiple sclerosis (MS). 1 There are also MS data that reveal greater cognitive dysfunction in men than women. 2 Given that approximately one in five people with MS smoke, vaporize or ingest cannabis, with men using it more frequently than women, 3 the question arises as to a possible cannabis-gender interaction associated with impaired cognition. Given that no study to date has addressed this potentially injurious interaction, we turned to a current dataset for possible answers.
Methods

Sample
We have previously described the sample of 140 people with MS reported here as part of a series of studies devoted to psychometric development. 4 Exclusion factors included a history of another disease of the central nervous system, traumatic brain injury, psychosis, learning disability, substance abuse, neuropsychological testing completed within the past year and a corrected visual acuity of less than 20/70.
Demographic and neurological data Demographic (age, gender and years of education) and neurological (disease duration, disease course, and physical disability) data were collected.
Cannabis use
All participants were asked if they were using natural (non-synthetic) cannabis on a regular basis, which was defined as monthly or more frequently. The monthly window was chosen given that cannabis metabolites remain in the system for up to 46 days following cessation of use. 5 From this we inferred that if a participant endorsed usage, there would be cannabis metabolites present at the time of testing. We did not record frequency of use and there was no corroborative urine testing.
Cognitive data Based on previous research showing an association between cannabis use and deficits in processing speed, memory and executive function, we confined our analyses to the following cognitive tests: Anxiety and depression were assessed with the Hospital Anxiety and Depression Scale (HADS). 6 Statistical analysis A general linear model was conducted to determine gender and cannabis effects on cognitive variables while controlling for age and years of education. Statistical significance was set at p < 0.05.
Informed consent
Research ethics board approval from Sunnybrook Health Sciences Center was obtained for this study. Informed consent was received from all participants. There were no demographic, neurologic or psychiatric differences between men and women (Table 1) . More men endorsed using cannabis, but the Table 2 . General linear model assessing the effect of gender and cannabis on cognitive variables while controlling for age and education. 
Discussion
The gist of our study is the novel finding that selfreported use of non-synthetic cannabis and gender interact in the pathogenesis of cognitive dysfunction in people with MS, with the negative effects most discernable when it comes to memory, both verbal and visual, in men. Our data bring together two independent strands reported previously in the MS-cognition literature. The first is the association between cannabis use on the one hand and impaired processing speed and verbal memory on the other. In this regard, further deterioration on the SDMT 1 and increasing memory difficulties on tasks such as the N-Back and 10/36 visual memory paradigm 7 have been reported previously in MS cannabis users. The second relates to a small yet increasingly consistent literature showing greater cognitive dysfunction in men 2 associated with more magnetic resonance imaging (MRI) visualized structural brain changes in men too. 8 In light of these earlier findings, the current cognitive results appear to mesh two synergistic causative influences. Interestingly, recent animal data show that cannabis has a localized effect on hippocampal dysregulation, but once more only in male rats. 9 The potential importance of this finding from a cognitive perspective is that hippocampal atrophy in people with MS has been linked specifically to impaired memory.
The result of this study was obtained from a secondary analysis of data collected for a different research purpose. We therefore lack objective confirmatory laboratory evidence of cannabis use or non-use, and the frequency and duration of use, which are limitations when it comes to data interpretation. Furthermore, the cross-sectional nature of our study means that association may not equal causality. As such our findings must be seen as preliminary. Nevertheless, they potentially reveal an intriguing congruence based on previous research. Looking to the future, as researchers continue to refine their understanding of the complex role played by cannabis in altering cognition in people with MS, attention should focus anew on the potentially modifying role played by gender.
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